Laser technology was introduced in the field of dentistry with a novel idea of overcoming few problems or drawbacks posed by the conventional methods. Theodore Maiman in 1960 introduced the first solid state ruby laser. Since then lasers have gained its popularity in different fields of dentistry. Laser in dentistry is now in vogue and now becoming a part of the dentist's armamentarium. This article gives an insight to the basics of laser physics, types of laser, mechanism of action, their interactions with biologic tissues and their advantage and disadvantage.
Introduction
Laser is an acronym for Light Amplification by Stimulated Emission of Radiation. Laser is a type of electromagnetic wave generator, which differs from regular light in that it has a single wavelength and can be focussed in a very narrow beam making it more potent and accurate. 1, 2 Laser converts electromagnetic energy into thermal energy. 1 After being first introduced in the field of medicine and dentistry during 1960, lasers have gained popularity in dentistry from past few years in wide variety of procedures in different fields of dentistry. 2 Effects of laser depend on its type as well as on the type of tissue through which it transmits, absorbs, scatters or reflects the laser light. Lasers produce waves of photons which are specific to their wavelength. The photonic absorption within the target tissue results in an intracellular and/or intercellular change to produce the desired result and can result in damage to deeper structures. 2 Variety of lasers have enabled dentists to reduce patient's pain and stress and fear during treatment and has been used in treatment of various diseases. 3 Laser with different wave length and delivery system are being used in dentistry including restorative, periodontal, haemostatic property and surgical treatments. The present article summarises the application of lasers in the field of dentistry.
History
Lasers work on the principle of stimulated emission theory proposed by Albert Einstein in 1917 based on the concept of spontaneous stimulated emission theory which was postulated by Neil Bohr in early 1900s. Theodore Maimam developed the first laser prototype in 1960 using ruby crystals stimulated by a flash lamp and mirrors to amplify the action of the laser on human caries, later on many lasers were created rapidly. 3 In 1962, laser was used in dentistry for the first time by Goldman. In 1965 Stern and Sognnaes reported that ruby lasers have a capacity to vaporize enamel and continuous thermal effect of it is known to damage the pulp. 4 Clinical research began soon after with the first usage of Carbon-di-oxide (CO 2 ) for the applications in oral surgical procedure in 1977, and got the FDA clearance in 1987. Later on in 1990, the first pulsed laser Neodymium-doped yttrium aluminium garnet (Nd: YAG) was designed specifically to dentistry. Later in 1997 FDA gave the clearance to the first dental hard tissue Er: YAG laser and the Er,Cr: YSGG a year later. Semiconductor based diode lasers also emerged in the late 1990s.
4 CO 2 and Nd: YAG were the most earlier lasers used in dentistry. 
Classification of Lasers
Different lasers are used in the field of dentistry and can be classified according material used, hardness, power and spectrum of light (Tables 1, 2 
Pumping mechanism:
External power source supplies energy continuously to excite (pump) the active medium so that stimulated emission can occur achieving a population inversion.
Optical resonator:
The active medium is positioned within an optical subsystem called the laser resonator. The resonator consists of two mirrors separated by the active medium in between. The mirrors are aligned and parallel to each other. On each end of the optical resonator the mirror reflects the excited photons produced by the excited active medium back and forth in a direction perpendicular to the mirror surfaces.
Cooling system:
Most of the power into the active medium is converted into laser energy and some of the power is converted into heat with resultant raise in the temperature of the active medium. So a cooling system is needed to ensure and maintain the temperature of the active medium below its maximum operating temperature.
Delivery system:
Laser energy is delivered to the target site by various delivery systems like Fiber-optic, Hollow waveguide (flexible) and articulated arm depending on the type of laser. Hard tissue lasers have hand pieces resembling a turbine which provide a familiar dental feel effect.
Mechanism of action of Lasers:
Lasers are the direct application of light energy with bio-modulatory capacity on tissues and cells. Photo acceptors (cytochrome-c oxidase) can absorb low level lasers irradiation and transfer it inside mitochondria in order to provide cell energy (ATP) which is the product cytochrome-c oxidase and Krebs cycle. Later on the stimulation of ATP synthesis results in increased cellular activity. Bio-modulatory effects of low level laser therapy results in macrophages, lymphocytes, fibroblasts, endothelial cells and keratinocytes proliferation as well as increase ATP synthesis and cell respiration, growth factors and release of other cytokines. Along with change of fibroblasts to myofibroblasts, change in inflammatory mediators level (histamine and prostaglandins); increase in oxygen transport and improve in glucose consumption; changes in cell membrane potential and permeability, sodium/potassium pump excitation and more calcium removal, vasodilatation, angiogenesis and collagen synthesis. 
Laser-Tissue Interactions
Laser tissue interactions depend on laser wavelength, its emission mode, heat capacity and on optical properties of the tissues such as pigmentation, mineral & water content. Laser beam is aimed at the tissue to produce a specific effect on the tissue interface. Any one of four interactions will take place at the tissue interface: absorption, reflection, scattering or transmission. Lasers in dentistry-Thinking ahead… 1.AbsorptionSpecific characteristics (pigmentation/water content) of the tissue absorb the photons from the laser beam and the light energy is then converted into other forms of energy to perform the action. Shorter wavelengths (from about 500-1000nm) are readily absorbed in pigmented tissue and blood elements whereas longer wavelengths are more interactive with water and hydroxyapatite 2.Reflection-Laser beam bounces off from the surface without any penetration or interaction. Reflection is usually an undesired effect. Example of reflection is found when Erbium lasers reflect off titanium allowing a safe trimming of gingiva around implant abutments. 
3.Scattering-Laser

Biological effects 4,7
Laser beam when enters or in contact with the tissue biological changes can be seen within the tissue or adjacent to it. Most important biological effects are fluorescence, photo-thermal, photo-disruptive, photochemical and photo-biomodulative.
Fluorescence effects: Diagnostic lasers devices at certain wavelength tend to fluoresce the actively carious region depending on the size of the lesion. This effect is useful in diagnosing and managing early carious lesions.
Photo-thermal effects:
Laser energy is absorbed by the chromophores present within the tissue with the production of heat. Produced heat will perform the work such as incising tissue or coagulating blood. Photo-thermal effect occurs mostly during the performance of soft tissue procedures with lasers.
Photo-disruptive/Photo-acoustic effects: Hard tissues are removed through a process known as photo-disruptive ablation. Laser beam of high power interact with the tissue water molecule resulting in a rapid thermal expansion of the water molecules. This further disrupts the enamel and bony matrices. Tooth structure and bone are not vaporized but pulverized instead through the photomechanical ablation process.
Photochemical: Photon energy released from the laser beam results in the chemical changes within the tissues like composite curing, breaking of chemical bond and production of oxygen radical for the disinfection of the periodontal pockets and root canals.
Photo-biomodulation/Photo-biostimulation:
Lasers beams with different wavelength have an ability to speed wound healing, increased collagen activity, increase circulation, reduce oedema, anti-inflammatory and minimize pain. Bio-stimulation is used dentistry to reduce postoperative discomfort and to treat illnesses like recurrent herpes and aphthous stomatitis.
Applications of lasers in Dentistry
Lasers are widely used in dentistry for cavity and root canal preparations, scaling and root planning, gingival and periodontal surgeries, coagulation and haemostasis, biopsies, excision of tongue lesions, TMJ disorders, exposure of implants and pre-prosthetic surgery. Proper safety procedures should be followed to reduce the possibility of unwanted exposure of patient and personnel to laser radiation while dealing with laser instruments.
Ocular Hazard:
Potential injury to the eye can occur either by direct emission from laser or from the reflection from mirror-like surfaces. Dental instruments have been capable of producing reflections that may result in tissue damage to both the operator and the patient. 
3.
Oral & Maxillofacial Pathology
• Bacterial decontamination • Biopsy-incision and excision
4.
Applications in Orthodontics
• Aesthetic gingival recontouring • Soft tissue crown lengthening • Tissue removal at the site for mini screw
• Temporo-mandibular joint discomfort Safety Precaution: The use of carbonized or non-reflective instruments is recommended during laser treatment to prevent damage to the non-target tissues. Patient, clinician, entire surgical team and any observers must wear protective eyewear specific for the wavelength of laser to be used.
2.Tissue Damage:
Laser induced damage to the non-targeted tissue (oral and skin) can result from thermal interaction of radiant energy with tissue proteins. Temperature elevations of 21ºC above normal body temperature (37ºC) can produce cell destruction by denaturation of cellular enzymes and structural proteins, which interrupts basic metabolic processes. Safety Precaution: Laser use should be confined to controlled areas with restricted access. Non-targeted tissue or the delicate oral mucosa is protected from accidental laser beam through the use of wet clothes or gauze packs. Hard tissues are protected during the soft tissue surgeries using the silver foil in between gingiva and teeth. Use of protective laser curtains prevents the accidental exposures to spectators.
3.Plume Control:
Laser procedures produces a smoke or plume generated through the thermal interaction of surgical lasers through tissue or through the accidental escape of toxic chemical, gases and micro-flora (fluorine, hydrochloride) from the laser itself. Safety Precaution: Standard high-speed evacuation chamber is adequate to control the smoke or plume as well as good quality masks should be worn by the clinicians.
4.Combustion Hazards:
Laser pose a significant combustion hazard in the presence of flammable objects like solids, liquids and gases used in dental surgical setting. Toxic fumes are released as a result of combustion of flammable materials. 4. No single wavelength will optimally treat all dental disease, so more than one laser needed for various procedure 5. There is inability to remove metallic and cast-porcelain defective restorations by erbium family lasers. 6. Hard tissue removal with laser is not as fast as a rotary bur 7. Harmful to eyes so the entire professional team should wear the specific wavelength eyewear and are harmful to skin as well. 8. In immune-compromised patients, when providing soft tissue treatment of viral lesions, there is a potential risk of disease transmission from laser generated aerosol
Conclusion
Laser, a captivating technology is in rapid progress since the past few decades and one of the best inventions of the 20 th century. Lasers are not only used to create aesthetics, for diagnosis and removal of diseased tissue but can also be used for repair and regeneration of the tissue. Clinician should have the knowledge of the physical characteristics, wavelengths of laser and their interaction with the biological tissues along with complete training course and then proceed through learning curve at comfortable pace. Lasers can prove to be a blessing in disguise if used safely and properly.
